cessing gas 3 used in plasma etching of semiconductors, and it has gas ultraviolet ͑UV͒ laser applications. 4, 5 Despite its economical and technological importance, several features in its spectra remain unclear. It is known that the first absorption band of Cl 2 molecule is located in the UV region with a maximum at 330 nm and corresponds to the Cl 2 excitation to the valence states correlating with the Cl͑ 2 P 3/2 ͒ and Cl͑ 2 P 1/2 ͒ atomic asymptotes, identified in this paper as Cl and Cl * , respectively. The absorption spectrum is attributed mostly to the transition from the ground state X 1 ⌺ g + to the lowest repulsive C 1 ⌸͑1 u ͒ state. In the red wing, A 3 ⌸͑1u͒ ← X and B 3 ⌸͑0 u + ͒ ← X continuum bands are visible, though they are much weaker than the main C ← X peak. 6 In the adiabatic case, 7 the A and C states correlate to the ground state asymptote, Cl+ Cl, while the B state correlates to a higher dissociation limit, Cl+ Cl * . So far, much effort has been made on surveying the dissociation behavior [8] [9] [10] [11] [12] of Cl 2 . Experimental information on the B ← X absorption band is quite uncertain, since it is significantly overlapped by the the more intense C ← X band as well as the weaker A ← X band. The uncertainty about the B ← X absorption band is so significant that the vertical excitation energy of the B state differs by thousands of wave numbers in different studies. 9, 13, 14 The A state is even more difficult to obtain because the A ← X transition is very weak. As a consequence, information about the potential energy curves for relevant excited states is far from being complete and ambigious. Only the lowest five states [16] [17] [18] [19] in spite of many experimental efforts. [20] [21] [22] [23] [24] [25] The first ab initio potential curves for the Cl 2 molecule were computed by Peyerimhoff and Buenker 26 more than 25 years ago under the ⌳-⌺ approximation and served as the mainly theoretical basis for analysis of experimental data. Although semiempirical relativistic intermediate neglect of differential overlap ͑INDO͒ calculations were performed in Cl 2 15 years ago, 27 only recently, ab initio calculations including spin-orbit coupling have been performed [28] [29] [30] [31] [32] [33] for some low lying valence states ͑usually͒ applying a relativistic core potential approach. Therefore, high accurate theoretical potential curves are of interest to understand Cl 2 spectra, as well as the analysis of nonadiabatic processes 34 and experimental data regarding the Cl 2 dissociation.
The goal in the present work is to obtain a detailed theoretical description of the spectroscopic properties for all 23 valence states of Cl 2 dissociating into neutral atoms. For this purpose, correlated four-component relativistic calculations were carried out to determine the potential energy curves of all states that correlate into the 2 P J + 2 P J ͑J =3/ 2 or 1/ 2͒ states using the average of configurations Dirac-HartreeFock approach. 35 This approach allows us to assess the spinorbit coupling on the spectroscopic properties and makes it possible to assign all 23 All calculations presented in this work were performed using the fully relativistic ab initio MOLFDIR ͑Ref. 36͒ program package in a similar way previously described in a paper from de Jong et al. 37 The chlorine nucleus was represented by a Gaussian charge distribution 38 with an exponential value of 0.384 827 492 2 ϫ 10
+09
, and the basis set used was the contracted aug-cc-pVTZ basis taken from Visscher and Dyall. 39 The speed of light was taken to be 137.035 989 5 a.u.
The potential energy surfaces of all the states were calculated at 46 different bond distances using the average of configurations Dirac-Hartree-Fock followed by the complete open shell configuration interaction ͑COSCI͒ approach, where full Cl was performed in the open shell space of the 20 and shifting all the excited states in a similar fashion.
MRCISD calculations were performed to estimate the effects of dynamical correlation and relaxation on the vertical excitation energies and they were calculated at the experimental ground state R e . Higher order corrections were estimated using the so-called Davidson correction, 41 denoted as MRCISD+ Q. The multireference active space contains the 3s spinor in RAS1, the 3p spinors in RAS2, and 160 virtual spinors in RAS3, and the COSCI wave functions were used as the reference wave functions for these calculations. The RAS3 space encompasses all virtuals with energies of less than 4.26 hartrees in COSCI calculation.
The equilibrium bond lengths ͑R e ͒, vibrational frequencies ͑ e ͒, anharmonicity contants ͑ e x e ͒, rotational contant ͑␤ e ͒, and dissociation energies ͑D e ͒ were obtained through 15th-order polynomial fit using FITគ1D ͑Ref. 42͒ program.
Potential energy curves of the 22 lowest excited states and ground state that dissociate into neutral atoms ͑Cl+ Cl, Cl+ Cl * , and Cl * +Cl * ͒, resulting from g k u l g m u n configurations where k + l + m + n = 10 electrons in 12 spin orbitals, were calculated. The calculated spectroscopic parameters ͑R e , e , e x e , D e , D 0 , ␤ e , and T e ͒ for these states are presented in Table I together with available experimental 041101 46 Comparing our results with the experimental values available, we found that ͑a͒ the calculated bond distances ͑R e ͒ for the excited states are all systematically larger by less than 0.05 Å, ͑b͒ the values of D e have discrepancies smaller than 0.01 eV for the majority of states, ͑c͒ the vibrational frequencies e are within 15 cm −1 , and ͑d͒ the differences for ␤ e are less than 6 cm −1 and T e values are 0.01 eV lower for the worse cases.
For the 18 higher covalent states, there are only theoretical T e values for two states: ͑2͒1 u and ͑3͒1 u , with values of 2.45 and 2.56 eV, respectively. Our COSCI values for these states are 2.48 and 2.51 eV, respectively. For all other states, the spectroscopic constants are presented for the first time. Generally, the splitting of the calculated states due to spinorbit interaction agrees reasonably well with the observed splittings and the nondynamical correlation effects are apparently sufficiently described by COSCI calculations in the spinor space spanned by the 3p spinors.
In Table II , the calculated vertical excitation energies are presented. The results are compared with those of Peyerimhoff and Buenker, 26 Roszak and Lipinski, 27 and available experimental data. 9, 13, 14, 47 The assignment is given to the states based on their main character at the ground state R e .
Experimental 32 with SAC-CI-SO1 approach, 3.12 eV. The SFR+ SO1 + SO2 result by Honda et al. 32 is found to be significantly lower ͑2.88 eV͒, whereas the value found by Roszak and Lipinski for this state is considerably higher ͑3.38 eV͒ compared with our MRCISD+ Q result.
The spectroscopic properties and potential energy curves of the ground state and all possible covalent excited states for Cl 2 molecule were calculated within a four-component relativistic framework with COSCI approach. Tables I and II display the spectroscopic properties derived from their curves and the results are in good agreement with available data. The corrected curves for all states with their assignment can be downloaded as Supplementary Material. 48 
